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SILICON SURFACE PASSIVATION BY
SILICON NITRIDE DEPOSITION

UNIVERSITY OF WASHINGTON

Larry C. Olsen

Objectives and Approach

OBJECTIVES

o TO INVESTIGATE THE USE OF PECVD SILICON NITRIDE FOR PASSIVATION OF SILICON
SURFACES.

* TO INVESTIGATE MEASUREMENT TECHNIQUES FOR SURFACE RECOMBINATION VELOCITY,

e T0O INVESTIGATE THE [MPORTANCE OF SURFACE PASSIVATION TO “IGH EFFICIENCY
SOLAR CELLS.

APPROACH
SIN, FILM DEPOSITION AND CHARACTERIZATION
o ESTABLISH PECYD SYSTEM
« DEVELOP DEPOSITION PROCEDURES

FILM CHARACTERIZATION
« OPTICAL CHARACTERIZATION -- N and K VS WAVELENGTH AND DEPOSITION PARAMETERS,
* PHYSICAL CHARACTER[ZATION

PASSIVATION STUDIES
* SURFACE STATE DENSITY AT SiN,/S1 INTERFACE FOR MODERATELY DOPED SILICON
SUBSTRATES.
* PHOTORESPONSE OF N/P SOLAR CELLS WITH PECVD SN, FILMS,
* CURRENT-VOLTAGE ANALYSES OF SILICOM CELLS WITH SiNy FILMS.
° ROSIER MEASUREMENT

VREGEDING PaLy DLANK NOT FILMED |
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HIGH-EFFICIENCY SILICON SOLAR CELL RESEARCH

SiN, Film Index of Refraction vs Silane-Ammonia Ratio
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GAS FLOW RATIO, SiH./NH,

Optical Constants of SiN, Films From
Ellipsometry Measurements

INDEX OF REFRACTION, N
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*MEASUREMENTS TAKEN ON EQUIPMENT PROVIDED BY BATTELLE NORTHWESY LABORATORIES
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HIGH-EFFICIENCY SILICON SOLAR CELL RESEARCH

Approaches to Investigation of Surface
Recombination in Solar Celis

M-SiNy-pSi STRUCTURE
HIGH FREQUENCY AND
QUASL-STATIC C-v

y4
\ VAV AW AV Y £.0 5 A

) MEASUREMENTS 10
' OBTAIN INTERFACE pSt

STATE OEMSITY,

SOLAR CELL STRUCTURE
PHOTCRESPONSE AT
SHORT WAVELENGTHS
CAN THEORETICALLY
YIELD RECOMBINATION
VELOCITY,

[-V CHARACTERIZATION
MAY ALLOW IDENTIFICATION
OF DOMINANT CURRENT
MECHANISMS .

SPECIAL STRUCTURES (ROSIER)
PHOTORESPONSE MEASUREMENT
WITH SURFACE POTENTIAL
VARTED MAY ALLOW
DETERMINATION OF S,

1-v CHARACTERIZATION
WITH SURFACE POTENTIAL
VARIED ALLOWS DETECTIONW
NF SURFACe RECOMBINATION
EFFECTS,
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HIGH-EFFICIENCY SILICON SOLA® CELL RESEARCH

Results of

| #-. - «;e State Study of SiNy on p-T,; e Si

SURFACE
TREATMENT

RF POWER = 212 4
m

SUBST/.* ' TEMPERATURE | SUBSTRATE TEMFERATURE
T —
160°C 270°C 150°C 270°C
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Interface State Density vs Annealing
Temperature for SiNy on p-Type Si
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O RCA CLEAN/NITRIDED/DEPOSIT @160°C
V RCA CLEAN/NITRIDED/DEPOSIT @270 °C (UPPER LIMIT)
[0 RESULTS REPORTED 8 ' HEZEL, ot al.
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HIGH-EFFICIENCY SILICON SOLAR CELL RESEARCH
internal Photoresponse Analysis
THEQRY
oy} = Spp(a) e TN j 1 l N, PHOTON3

SpnrfA) = (Spyp)

EMIT

. T Y=
N TANX

Ty Talage %ape Moo Kgy) —

M e A/ f//’

-k - A } P

FXPERIMENT

MEASURE : JPH(A). Rx, Nx and KX of SiNx

ANALYSIS: HAVE OBTAINED SINT(A) FOR CELLS WITH SINX LAYERS.
DETERMINED SF ASSUMING A HOMOGEKEQUS EMITTER.

Internal Photoresponse vs Wavelength for
Si n-p Ceil With 100 Angstroms Si0O9

100

8o0. [

s0. [

INTERNAL PHOTORESPUNSE %

zo0. [

S{F)=1.0t+3
S(F)=1.0E+4

B4SINP2
THEORETICAL PARAMETERS: & b
L{F)=1.0 um, D{F)=3.0 cm=2/3, \

L(8)=150 um, D(8)=12.0 omee2/3,

Xj=.20 um, W=,0015 um, H=380 um,

S(8)=1E9 (OHMIC), Aluminum BSR, 1
0.2 ohm—cm N,"¢ 3flicon

i i A - i E_

430 800 750 800 1050 1200

WAVELENGTH(nm)
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HIGH-EFFICIENCY SILICON SOLAR CELL RESEARCH

Internal Photoresponse vs Wavelength for JPL Cell

IMTERNAL PHOTORESPONSE (%)

INTERNAL PHOTORESPONSE (%)

C v < e it 4

10 o T _— T T ™
L
80. 7
/A JPLZ SIN
80. 1 40 S(F)=1.0E+4
e S(F)=3.0E+4
S(F)=1.0E+9
40.} EORETICAL PARAMETERS:
) L{F)=1.0 um, D(F)=2.0 cmee2/s,
L(8)=130 um, D(B)=21.0 cmee2/s,
Nj=.33 um, We 413 um, H=210 um,
20. S(8)=1E9 (ohmic), Aluminum BSR,
2 ohm—-cm N/P Sllicon
0 Il L N — -
300 450 800 750 900 1050 1200
WAVELENGT 4(nm)
100 —
S(F)=1.0E+4
S(F)=1.0E+3
S{(F)=1.0E+8
so0. b
JPLB-3 BARE [u)
JPLA-5.SIN A
80. [ 1
40. T THEORENCAL PARAMETERS: e
L{F)=1.0 um, D(f}=3.0 cmes2/s,
L(B)=140 um, D(B)=~21.0 cmee2/y,
X]=.17 um, W= 413 um, H=319 um,
20. S(8)=1E9 (OMMIC), Aluminum BSR, -
2 chm—em N/P (111) FZ SILICON
o I Y A i ! ~ 'I
300 486 800 780 gCco 100 1200
WAVELENGTH(nm)
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HIGH-EFFICIENCY SILICON SOLAR CELL RESEARCH

lluminated Characteristics of JPL Cells

(Fabricated by ASEC)

AR ANL® e | Yo TOTAL AREA
CELL ORIENTATION | LAYER | EFFICIENCY | fwA) | (mV) FF Jse
(%) {mA/enm2)
2.3 {100) 510, 15.2 130 | s83 798 32.6
41 {100) $10, 187 129 | 519 .786 32.3
1-5 {160) SNy 14,6 10 | s70 793 32,7
2-6 {100) SN, 147 130 { st 791 32.7
9.1 (111) $10, 15.0 130 | s81 795 32.5
10-2 (111) $10, 15.7 134 | 588 796 31,5
8-5 (111) SNy 14.4 128 | 570 786 2.0
9-2 {111) SN, L 14.8 130 | o3 792 2.8

*EFFICIENCY MEASURED AT JCGS WITH ELH SIMILATOR. THE SIMULATOR HAS BEEN CALIBRATED BY
EXCHANGING A REFERENCE CELL WITH SERI.

LOG(CURRENT(AMPS) 3

Effect of Reactive lon Etching Cell Edges

1T 1T 1 ] I
JPL1-S-ETCH

~1|.9/28/84 —
+« ETCHED

=21 «SIN ~

-3 -

-4 ) —_

—S_x 00. -

S N N WO S B R

'B li 2 I3 I4 -5 Is I?

APPLIED VOL TAGE (VOLTS)
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HIGH-EFFICIENCY SILICON SOLAR CELL RESEARCH

Approach to Dark |-V Analysis

1-V RELATIONSHIP (Vj >> KT)

Imeas L
Iygas = 15 ¢ Vj/nkT ( 7r}’
Y5 ™ Yueas R ugas
= Rsy
lj lol exp(BVj) + 102 exp(VJ./nkT,
FiTTING PROCEDURE Rs
). SELECT Ry AND Rg, _T,
2. GENERATE (1., V;)
}‘——V‘——
3. CONSIOER (I;. V;) FOR REGION 1 !
Ij = 1oy exp(8V;) [ VMEAS———>
Loge(lj) = Loge(10])+BVj
LEAST SQUARES FIT =1 ,, B
4. CONSIOER (15, V;) FOR REGION 2
lj? = Ij - Iol exp(BVJ)
= 102 exp(VJ./nkT) §' REGION 2
LEAST SQUARES FIT =1 ,, B
S. ITERATE BETWEEN REGIONS 1 AND 2 UNTIL
ACHIEVE CONVERGENCE. | REGION 1
6. CARRY OUT STEPS 1 THROUSH 5 FOR v,

ARRAY OF R_ AND R,, VALUES. SELECT
VALUES OF PARAMETERS WHICH PROVIDE
BEST FIT TO DATA.
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HIGH-EFFICIENCY SILICON SOLAR CELL RESEARCH

Emitter J, vs Surface Donor Concentration

for Shallow-Junction n-p Ceil

F.

C a————rea -y

BT TN IS

e e

R U

A

10" T TT] T T T 1] T
JCT DEPTH = 0.2 ym
10" S =10 cm/sec — - 560
— Vocimv)
P O+ N /e
8C = em
8 ‘ -1 820 -
% 10" p— 10* ANUn=1.0
& -] 840
- 660
107 — 10°
— CALCULATIONS BASED
— ON MODEL UF
_ FOSSUM AND SHIBIB
10" l i1 1 Lt ]
10" 10" 10"

Ns(cm-‘)

1 Jog FOR 2 Ohm-cm N/P CELL WITH THICKNESS OF 15 MILS, L(BASE) = 130 um,
D =21 cmisec ' (APPROXIMATE CELLS PROVIDED BY JPL).

2 Jop FOR 0.2 Ohm-cm N/P CELL WITH THICKNESS OF 15 MILS, L(IBASE) =150 um,
D=21cmisec™".

I-V Parameters for Dark Characteristics

LARGE VOLTAGE MECHANISM
Jer BASE ORDERS OF  |. AVERAGE ACTIVATION POSSIBLE
CELL DEPTH | RESISTIVITY | MAGNITUDE ERROR Jo n ENERGY CURRENT
(m) {Ohm-cm) FOR FIT {2 (A/emd) (eV) MECHANISM .
BESL LAVER
L 6 n.4 2 2.8 30 2.0 E-11 | 1.07 0.96 RECOME
(S4Ny) I VIA SHALLOW
! TRAP '
, TRTTTER -
JPL 8-5 0.2 2 2.8 .20 1.7 E-11 | 1.02 1.00 RECOMB WIT :
(S1N) S = 10° to 10° cm/sed
— HEPL TAVER
JPL 9-1 n.2 2 2.8 .9 3.0 E-11 ] 1.06 0.94 RECOMS
(s10y) | VIA SHALLOW
) TRAP
i ENTTTER
JCGS 0.2 n.2 2.0 ! 4 1.3 E-12 | 1.02 1.10 RECOMB W' TH
MINP 88-2 { 1 S = 103 to 10% em/sed
341 ;
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HIGH-EFFICIENCY SILICON SOLAR CELL RESEARCH

LOGCCURRENT (AMPS)

Analysis of Temperature-Dependent
I-V Characteristics of JPL Cell

-1

2|

L Rl

R
JPLB-~S
9/14/84

+=3@°C
»=108°C
« 10°C
* 30°C
+ Sa<C

-

1 .2 .3 .4
APPLIED VOLTAGE(C

I-v DATA

.9 .6

VOLTS)

LOGC(IA(A/CM*2)>/T~4)

-9 JB VS. INVERSE TEMPERATURE
! T

SIS,
- ’ 9/49/
18p-e PHI = 1.00 EV
Joa = 5.6X18°5
. M = 4
-ii- o, 0 = 188K
.
"12— ...
_— '1
_13] ¢ -
*
-14 L Loy ¢ 1
3.8 3.5 4.0 2.5

1088, T (DEGREES K>

ACTIVATION
ENERGY
ANALYSIS
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HIGH-EFFICIENCY SILICON SOLAR CELL RESEARCH

Theory for |-V Characteristics

1. EMITTER RECOMBINATION CURRENT

J = Jog lexpl 3) - 1)
n=1

FOR RM TEMP ANALYSIS:
-
Joz Np't® GF
GF IS A FCT OF Wy, Sp, Dpo & Tp

FOR INTERPRETATION OF TEMPERATURE
DEPENDENT DATA:
—‘i)

Joe = Joo (T exp (17

¢ = 1.20 - (AE) EMITTER
BGN

2. BASE REGION RECOMBINATION CURRENT

J = Jog lexpl, oy - 1]
n=1

= m‘ Lr—‘ . G
NA Tn F
kT

¢ =120 - (4F) BASE
BGN

Jos

= Jog (T expl

4. TUNNELING/RECOMBINATION
J = Joy exp(BV) VO>KT

8 TEMPERATURE INDEPENDENT

Y
kT

Jof = Joo expl(

¢ TYPICALLY O TO 0.5 oV
6. FIELD EMISSION
J = Jog exp(CV)

_ 1
C =r*8®

Jor = Jog #xpl-4/KT)
¢ =fVy t=n"?
8. EDGE LEAKAGE CURRENTS
CURRENT MECHANISMS (3), (4] OR (5)

USUAL SHUNTING MECHANISM
Jgn = V/Rgy

343
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. DEPLETION LAYER RECOMB!NATION CURRENT

J =Jmoxp|"{ﬁ,)v>>rr

J = J .;t

oR oo exp { o )

$ = (E;—E,) OR (Ec-Ey n=1702

FOR n>2, $>Eg/2 FOR n™1, $~0.8 oV

.o .;i..},\.;" .o
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HIGH-EFFICIENCY SILICON SOLAR CELL RESEARCH

MINP Cell Concept

MIS CONTACT
USING Mg OR Ti
~ COLLECTOR AR LAYER
- GRID

PASSIVATED
SURFACE

N-TYPE ENM/TTER \
1000 A TU 2500 A

P-TYPE
BASE
(0.1 7O 2 Q-cm)

P+ REGION

TO PROVIDE
BACK SURFACE
FIELD

ALUMINUM
BACK CONTACT

Calculated Jpp, for Single and Double AR Layers

48 T T T T T T
46 mil CELL THICKNESS
- PHOENIX SPECTRUM N
L=150, C* mic BACK CONTACT
44 | = == == L=500, BSF —
}_ N:=13 1.4 15 .
_ 42 e — TEXTURED (2L-AR) ]
%
% - -
‘é 40 +— —
2 L TEXTURED  2L-AR Ne=13 1.4 36
H — -
ﬁ 38 —  1LaR e —
E o RLEPARE e
36 |— 2L-AR 1.8 _
g POLISHED
TEXTURED (NO AR) |
34 1L-AR . . T )
- -
32 L ] ! ] 1 ]
1.8 18 2.0 2.2 2.4 2.8 2.8 3.0

N,, INDEX OF LAYER ADJACENT TO SWICON

a4

W e arnven o
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HIGH-EFFICIENCY SILICON SOLAR CELL RESEARCH

Projected Performance

30~
TG ACHIEVE 20%
o MUST REDUCE JoE 5
BY DECREASING S 25
Ng AND S, W
o NEED SLIGHT IMPROVEMENT £
INL ]
YO ACHIEVE 25% 2
—_— < 2
o NEED F&P DIFFUSION
LENGTH
* MUST REDUCE
S, 70 10°
o WITH THESE VALUES 15
OF L AND S, Jo
WILL BE DECREASED JscimAicm?)
TO 3 x10-'* A/cm? VoclmV)
¢ MUST USE DOUBLE AR F - _ : ) .
g"&ﬁngaﬁéu"”“ JolAlcm?) 1x16772 45x10°" 2x10°" 3x10°™
opTICAL COMPIEMENT n-VALUE 10 1.0 1.0 1.0 :
Nglem -3) 6x10"? 4x10" 2x10" 2x10"
SSPFRECVEL 10° 0° 07 107
DIFF LENGTH 150 160 200 500 (F&P)
GRID SHADOW a% 3% 3% 2% ,
CELL THICKNESS 15 mils 15 mils 15 mils 10 miis
BACK SURF Ohmic Ohmic BSF BSF
‘.
Key Results and Future Work -
KEY RESULTS !’
ESTABLISHED PECVD SYSTEM,
NEVELOPED PROCEDURES FOR GROWTH OF SiN, WITH APPROPRIATE OPTICAL PROPERTIES FOR
SINGLE AR COATING.
DETERMINEN APPROACH FOR ACHIEVING SURFACE STATE DENSITY <5x1010 cr-2ev-1
ON MODERATELY DOPED SILICON.
DEVELOPED APPROACH FOR REACTIVE (ON ETCHING CELL ENGES TQ INCREASE CELL FF VALUFS.
3
HAVE INITIATED STUDIES OR ROSIER MEASUREMENTS ON SOLAR CELLS. W,
CHARACTERIZED CELLS WITH SiN, AND $10, AR COATINGS WITH I-V ANALYSIS AdD A
PHOTORE SPONSE TO OBTAIN ESTIMATED VALUES FOR S,
FUTURE WORK
INVESTIGA(E EFFECT OF SiN, DN SURFACE RECOMBINATION FOR MODERATELY DOPED
N-TYPE MATERIAL.
INVESTIGATE FEASIBILITY OF ROSIER METHOD FOR MEASURING S ON SILICON SOLAR CELL
STRUCTURES .
INVESTIGATE MINP SILICON SOLAR CELLS.,
- DEVELOP DBLAR AND RENUCE SHADOWING TO ACHIEVE J. = 36 mA/cm?
-~ REDUCE CURRENT LOSSES SUCH THAT y, = 51013 A/cmZ AND n = 1.0
T0 ACHIEVE Vg = 650 mv, FF = .81 and EFF = 19%,
345 A
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